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SUl-lMABY 


The present paper eyaluates the shear buckling stresses of 
rectangular flat plates "with simply supported edges more accurately 
than previous work on this problem. Both symmetric (odd number 
of buckles) and antisymmetric (even nimber of buckles) patterns 
were considered. A curve is presented frcm which the critical 
stresses may be obtained idien the dimensions of the plate are 
known. 


HUTRODUCTIOW 


In reference 1 Timoshenko presents a solution for the buckling 
stresses of simply supported rectangular flat plates in shear. 
Timoshenko considered only the eq.uatlCTis wiiich permitted a buckle 
pattern symmetric about the midpoint of the plate. This limitation 
led to a small error in the critical stress in several cases in 
w’hich the governing buckle pattern was antisymmetric instead of 
symmetric . 

The buckling stresses have been determined more correctly than 
in reference 1 by considering both the symmetric and the antisym- 
metric buckle patterns. Through the use of the matrix itei'ation 
method described in reference 2 and by a proper choice of the terms 
in the series representing the deflection, more accurate results 
were obtained. The theoretical analysis given in the appendix is 
a brief summary of the derivation given in reference 1. 


SBEBOLS 


T critical shear stress 

k shear-stress coefficient which depends on length-width ratio 
® of the plate 
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•width of plate 
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flexural stiffness of plate 



young's modulus for ma’berlal 
th’iclmess of plate 
Poisson's ratio for material 
integers 

deflection of plate in radial direction 
axes of reference 
numerical coefficients 


EESUIirS AED DISCUSSION 


The critical shear stress for a rectangular flat plate "vrith 
simply supported edges is given "by -the equation 

T = 3 


Curves are presented in figure 1 giving tiro values of the shear- 
stress coefficient kg for each value of lengfcli-wldth ratio 

from 1 to 4. These t-wo values of kg correspond to buckling into 

an odd number of buckles ( symme-taric buckiing) and into an even 
number of buckles (antisymetrlc buckling) . Bec-ause a plate 
buckles into the buckle pattern -which req.uires the least load, •bhe 
solid-line curve for any given length-wld-fch ratio represents the 
shear-s-bress coefficient -that corresponds to the governing 
buckling load. The computed values of kg from -j-hich these 

curves ■were dra-wn are given in -fcable 1. In addition, ’table 1 
con-bains calculated values of deflection-function coefficients 
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from Tdilch 'buckling configurations can be dram for each length- 
■width ratio considered. 

In figure 2 buckling configurations are shown for length-width 
ratios of 1.5 and 2.5 to illustrate the symiES’tric and antisymmetric 
types of buckle pattern, respectirely. An eq.uation for each of the 
buckling configurations was obtained by substituting into eq.ua- 
tion ( 3 ) of the appendix the values of the deflection-function 
coefficients given in table 1 . 

The values given in reference 1 for 'the shear-stress coeffi- 
cient lie slightly above the values of -bhe curve for symmetric 
buckling shown in figure 1 of the present paper (maximum deviation 
about 1 percent) . The maximum error in the results of reference 1, 
which amounts to about percent above ■tho results of the present 
paper, occurs in the range of antisymme'bric buckling. 


COHCL'CnDING EEMAEE3 


li^cjn. a consideration of both syaxmetric and antisymmetric 
buckle patterns, the shear buckling stresses of rectangular flat 
plates •with simply supported edges ■were more con’octly evaluated 
tlian in previous work -wherein only symmetric buckle patterns were 
considered. Throu^ the use of the matrix iteration method nnfl 
by a proper choice of the terms in the series representing the 
deflection, more accurate results wore obtained. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committoe for Aeronautics 
Langley Field, Ya., October 25 , 19^6 
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APPENDIX 


OHEOEEriCAL SOLOTION 


The critical stresses are detenained on the ha sis of the 
principle that diiring huCiCling the elastic-strain ener.^ stored 
in a structure is equal to the work done hy the applied load. For 
a rectanriular flat plate loaded in ^ear this equality can he 
written (reference 1) 





f^w 5^w 



dx fly 
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( 1 ) 


The coordinate systam is shown in figure 3> Equation (l) can he 
re'vjritten in terms of the nondimensional shear-stress coefficient 
as follo-vra; 
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The procedure used In solving equation (2) is to siibstitute 
for w ■ a function of x and j that represents as closely os 
possible tho buckling configuration and satisfies the conditions 
at tho edges. For any buck3.e pattern where the val;io of w 
is 0 at all the edges, the integral of the tern with tho coeffi- 
cient -2(1 - [i) can bo shown to vanish through tho use of Groen's 
tiieorom. (See reference 3*) If a series of terms with arbitraiy 
coefficients is used to represent w, then the coefficients may 
be determined by the Eayleigh-Eitz method. 

A genoral foim for tho deflection w satisfying tho boundary 
conditions is 


w 



m=l n=l 


mn 


, mnx . 
sin sin 


nrty 

b 


(3) 


If this o 2 {pression for w is substituted in equation (2) the 
following oq.uation is obtained; 



where m + p and n + q. are odd numbors. 

Tho coefficients 0 ^^ must be chosen to 33iake the value of kg 

a mlnlmvim. The minimization of k with respect to each ^ 

s zcxx 

yesults in tho set of homogonoous linear aquations represented by 
the following eq.uation; 
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(5) 


vtiero 

m = 1, 2, 3, . . . 


IX = 1, 2, 3; • * « 


and m + p and n + q. are odd ntaabers. 

Each of the eq.uatiQne represented "by eq.uat?.on (5) is asso- 
ciated -with a specific pair of values of m and n. Since m + p 
and n + q are "both odd, (m + p + n + q) must he even. If m + n 
is even, p + q mxist also he even; if m + n is odd, p + q must 
also he odd. Each of the homogoneotis linear equations (5) can 
therefore involve only coefficients a^. for which i + J is 
either odd or even. The set of equations (5) can therefore he 
divided into two independent groups which can ho solved separately, 
one group consisting of equations in xdiich i + J is odd and the 
other group consisting of equations in which i + j is even. The 
set of equations in which 1 + J is oven corrosponds to syimstrlc 
huckling, and the sot in which i + J is odd corresponds to anti- 
symmetric huckling. Tan equations in ten unhaowns were solved 
for kg for each typo of huckling (symmetric and antisymmetric) 

hy a matrix Iteration method described in reference 2. The equa- 
tions chosen for each particular value of a/b should contain 
deflection-function coefficients that give the lowest value of kg 

for either type of huckling. (See reference 2.) Tho deflection- 
function coefficients for several values of a/h are given in 
table 1. 

A representative , determinant for a group of equations in 
which 1 -f J is even is 
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At a length-width ratio of 1 the lowest value of 3c_ that 

S 

satisfies this determinant is less than the lowest value of kg 

obtained tram, any tenth-order determinant in vdiich i + J is 
odd» A representative determinant for a group of equations in 
’(daich i + J is odd is 
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At a lensth -■width ratio of 2.5 the lo-west value of that 
satisfies this determinant is less 'than the Icvrest value of kg 
obtained from any tenth-order determinant in \3iich i + J is even. 
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One iorqe bockle 


Three larc^e bdcKtes 


A AntlsymmetYic buckling 
S Symmetric buckling 
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Figure 1.- Budding stresses of a simply supported rectangular plate 

in shear. 
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(b) Length -width ratio, 2.5; two large buckles (antisjnnmetric buckling). 

Figure 2.- Buckling configurations of simply supported rectangular 

flat plates in shear. 






